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Introduction
Myelodysplastic syndromes (MDS) are a heterogeneous group of bone marrow disorders that mainly occur in the elderly. Older cancer patients are more likely to have comorbidities. 1 According to Feinstein, comorbidity is defined as any distinct clinical entity that has existed or may occur during the clinical course of a patient who has a condition under study. 2 There are several scoring systems to evaluate comorbidity. The Charlson Comorbidity Index (CCI), which considers the one-year mortality of internal medicine inpatients and proved its relevance for patients with solid cancer, [3] [4] [5] was established in 1987 by Mary Charlson. 6 It is a weighted scoring system based on 19 items which in general can easily be assessed retrospectively from the patients' charts (Online Supplementary Appendix).
There is an optional extension of the CCI including the patient's age adding one point for each decade beyond 50 years of age. 7 Sorror et al. evaluated comorbidities in a group of patients with various hematologic malignant and non-malignant diseases who underwent hematopoietic stem cell transplantation (HSCT). 8 Later on the Hematopoietic Cell Transplantation Comorbidity Index (HCTCI) was used to evaluate outcomes of patients specifically diagnosed with MDS or AML and given HSCT. 9 These authors noted that some comorbidities included in the CCI rarely occur in transplant patients because they constitute exclusion criteria for HSCT. This is particularly true for hepatic and pulmonary disease. On the other hand, the CCI does not capture frequent comorbidities like obesity, infections, and psychiatric disorders. Therefore, Sorror et al. amended the CCI for HSCT candidates, adding the abovementioned comorbidities and changing some definitions and weightings. The adapted scoring system was called Hematopoietic Cell Transplantation Comorbidity Index (HCTCI) (Online Supplementary Appendix) .
As yet, prognostic evaluation of MDS patients has mainly been based on disease-related parameters like cytopenias, karyotype, or percentage of blast cells in the bone marrow. 10 Patients' characteristics reflecting comorbidities like cardiovascular diseases and impaired renal or liver function were not taken into account. As the widening range of treatment options for MDS requires more refined clinical decision mak- ing proper assessment of comorbidities becomes more important. However, there is currently no validated comorbidity score for patients with MDS. Nor is there any data on the prevalence and prognostic impact of comorbidities in MDS. We therefore studied the influence of comorbidities on the survival of MDS patients and evaluated the prognostic utility of the CCI and HCTCI in comparison with the International Prognostic Scoring System (IPSS).
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Design and Methods
Study design
Our retrospective study focused on patients who received best supportive care (BSC) only, including red blood cell transfusions, platelet transfusions, and treatment with erythropoietin. Patients undergoing induction chemotherapy and/or allogeneic stem cell transplantation were excluded. Patients were retrospectively classified according to CCI and HCTCI. Both scores were calculated from the points assigned to individual comorbidity factors. The clinical data were gathered from the original patients' charts. For each patient included in our analysis, the complete set of comorbidity factors was evaluable. Follow-up data were obtained from our outpatient clinic or by contacting the primary care physician. Local ethics approval for this study was obtained.
Patients
The Düsseldorf MDS Registry includes about 3,300 patients, diagnosed between 1975 and 2008. Among these, 1,250 are classified according to the IPSS at the time of diagnosis. The latter group includes 740 patients who received BSC only. For 171 of those patients, all comorbidity factors required for applying the CCI and HCTCI were retrievable from the original records. As this study had a retrospective character, the quality of the documentation possibly varied between different patient files. Therefore, we included all available information on the patients including imaging and functional diagnostic procedures.
This cohort included 114 male and 57 female patients. The median age at diagnosis was 69 (24-88) years. According to the IPSS, 23% of the patients under consideration were assigned to the low-risk group. The majority of patients belonged to the intermediate-1 (39%) and intermediate-2 (24%) risk groups, while the proportion of patients considered as high-risk was 14%.
Results and Discussion
Charlson Comorbidity Index
According to the CCl, 111 of 171 patients (65%) showed no comorbidities, while 37 (22%) had one, 15 (9%) had two, 2 had three, and 6 patients had four comorbidity factors. None of the patients accumulated more than four comorbidity factors.
The most frequent diagnoses were diabetes without complications (21 patients) and myocardial infarction (12 patients). There were 9 patients who suffered from a second solid tumor. Miscellaneous diagnoses included congestive heart failure, peripheral vascular disease, cerebrovascular disease, hemiplegia, chronic pulmonary disease, connective tissue disease, mild liver disease, diabetes with end organ damage, and moderate or severe renal insufficiency.
Patients included in our analysis were classified into 3 risk groups, namely low-risk (CCI of 0), intermediate-risk (CCI of 1), and high-risk (CCI of 2 or more).
In the entire study population (n=171), median survival was 30 months. Patients with no comorbidities (CCI=0) had a median survival time of 42 months, while those with a CCI of 1 survived for only 15 months. Interestingly, patients with a CCI of 2 or more had a median survival time of 19 months as compared to 42 months in patients without comorbidities (p=0.006) (Figure 1 ). There was no difference in survival between the intermediate-risk and the high-risk groups according to CCI. Using the extended version of the CCI, which includes age, we identified a low-risk group of only 8 patients (5%) with a good prognosis. None remaining patients could be stratified in terms of survival.
We also examined the relationship between IPSS and CCI. Within the IPSS low-risk and high-risk-groups, the CCI was not able to further stratify patients according to comorbidity-related prognosis. However, prognostic information became refined in the IPSS intermediate-1 or intermediate-2 risk groups, where patients' survival was significantly influenced by their CCI score: patients with a CCI of 0 had a median survival time of 35 months, those with a CCI of 1 had a median survival of 15 months, and patients with a CCI ≥2 survived a median of four months (p=0.03). 
© F e r r a t a S t o r t i F o u n d a t i o n
Hematopoietic Cell Transplantation Comorbidity Index
According to the HCTCI, 82 patients (48%) had no comorbidities. The distribution of patients among the HCTCI scores of 1, 2, 3, 4, and 5 was 7, 22, 14, 4, and 1, respectively. The HCTCI defines 3 risk-groups: a score of 0 indicates low risk, a score of 1 or 2 defines intermediate risk, and a score of 3 or more is equivalent to high risk. These risk groups included 82, 69, and 20 of our patients, respectively. The most frequent comorbidities were infection (n=39) and diabetes (n=25). There was no correlation between cardiac comorbidities and degree of anemia. Also there was no correlation between absolute neutrophil count and infection.
Patients with an HCTCI of 0 had a median survival time of 68 months, those with an HCTCI of 1 or 2 lived for 34 months, and those with an HCTCI of ≥3 survived for 25 months (p<0.001) (Figure 2) .
The HCTCI was able to further subdivide the IPSS intermediate-2 (p=0.016) and high-risk groups (p=0.0026). For patients in the IPSS intermediate-1 and low-risk groups, the HCTCI provided no additional prognostic information. The results for the IPSS intermediate groups are demonstrated in Figure 3 .
On univariate analysis, the presence of pulmonary disease, GI tract ulcers, cardiac disorders, and infection were independent prognostic factors for survival.
Multivariate analysis
Multivariate analysis using the Cox Regression Model indicated that the HCTCI yielded prognostic information independent of the IPSS (p=0.006), whereas the CCI did not enter the regression model (p=0.27). Age was not included into the regression analyses.
Non-leukemic death
Comparing the 3 different risk groups of the HCTCI we found that the percentage of non-leukemic deaths differed significantly, 53% of the low-risk patients, 61% of the intermediate patients and 85% of the highrisk patients succumbed to non-leukemic death (p=0.0093).
To the best of our knowledge, this is the first study concentrating on the prognostic impact of comorbidities in patients with MDS. Based on 171 patients treated with BSC only, we found that about 50% of MDS patients have one or more comorbidities (according to the HCTCI). The presence of comorbidities was associated with a worse prognosis. This was reliably captured by the HCTCI, which added prognostic information to the IPSS. The CCI was less well suited as a prognostic tool in this patient population.
Up to now, prognostic assessment of patients with MDS has mainly been based on parameters reflecting disease biology, like medullary blast count, cell counts, karyotype and LDH. 10, 11 Parameters reflecting the patient's biology have not been harnessed for prognostication. In the realms of internal medicine, however, outcome in terms of survival has been shown to be influenced by comorbidities. Charlson and co-workers 6, 7 proposed a scoring system (CCI) that is based on 19 variables of interest and defines 3 risk groups. When applied to our patient cohort, the CCI had little prognostic impact and did not add valuable information to the IPSS. The CCI detects comorbidities in only 35% of patients. This may partly be due to the fact that many CCI comorbidity parameters, like lymphoma, myeloma, or leukemia, are hardly applicable to an MDS patient population. Furthermore, common comorbidities like myocardial infarction or congestive heart fail- ure, which are very relevant for anemic MDS patients, have a low weighting in the CCI. The HCTCI was originally developed to predict the outcome of allogeneic stem cell transplantation in patients with MDS or AML. Sorror et al. 9 reported that patients with an HCTCI of 0-2 had a 2-year overall survival of 70% and 57%, depending on low or high-risk disease, after non-myeloablative conditioning, and of 78% and 50%, respectively, after myeloablative conditioning. For patients with an HCTCI ≥3 the overall survival after two years was significantly worse: 41% and 29% for non-myeloablative, and 45% and 24% after myeloablative conditioning, respectively. Even though patients undergoing HSCT are generally younger and therefore not representative of the majority of MDS patients, we found that the HCTCI successfully identified MDS patients with relevant comorbidities. The HCTCI includes parameters that are very relevant for intensive hematologic treatment approaches like induction chemotherapy or allogeneic stem cell transplantation. In particular, cardiovascular disorders and infections are more thoroughly considered, thus identifying one or more comorbidities in about 52% of patients. The infection parameter not only applied to 34 of our 171 patients (20%) but also strongly influenced overall survival (p=0.015). Patients without infection had a median survival of 35 months, whereas patients suffering from an infection had a median survival of only 11 months. Another important feature of the HCTCI is its consideration of coronary artery disease, which is relevant for anemic patients. We conclude that the HCTCI yields prognostic information independent of the IPSS because it takes into account relevant patient characteristics that are independent of the biology of the underlying bone marrow disease. The HCTCI was able to stratify patients within the IPSS intermediate-2 and high-risk groups, but not within the lower-risk groups, where only a few fatal events had occurred.
The HCTCI was developed for patients receiving aggressive treatment, namely allogeneic stem cell transplantation. Interestingly, we found that this scoring system is also useful for MDS patients receiving best supportive care only. Still, an even better prognostic tool may be devised for the majority of MDS patients who receive low-intensity treatment including blood transfusions, iron chelation, hematopoietic growth factors, epigenetic treatment, or immunomodulatory drugs or induction chemotherapy. In our opinion, an optimized comorbidity scoring system for MDS patients should focus on cardiac disorders, liver dysfunction (especially due to iron overload), renal impairment, infections, and previous malignancies.
